INTRODUCTION
Microwave sensing techniques have found many applications in industrial measurements such as determination of materials permittivity, moisture content or the constituent proportion in materials [1] - [5] . Traditionally, waveguide and coaxial cavity resonators have been used for measuring both low and high loss/dielectric constant materials. However, due to small size, ease of fabrication and low cost, microstrip resonator techniques have become popular.
Microwave dielectric measurement methods are of two types: Non resonant and resonant methods [5] - [7] . Resonant methods including resonator perturbation methods, have relatively high accuracy than nonresonant ones [8] , [9] . The Microwave sensors based on a microstrip ring resonator sensor for the complex permittivity materials have been developed. Different types of loop sensors are analyzed. The designed sensors are based on one wavelength of transmission line. In this paper the design procedure for three structures are given and their performance in determining the permittivity of a dielectric sample in terms of shift in resonant frequency are compared. Permittivity is measured by means of curve fitting equations generated for the resonators.
II. COMPARISION OF MICROSTRIP RESONATORS BETWEEN RING, FOLDED AND FRACTAL STRUCTURE
The resonator with length of one wave length at fundamental frequency of 1 GHz in fig.1 has been studied. A substrate of FR4 (εr= 4.6) has been used for all resonators, resulting into following parameters: feed length = 40mm, Coupling gap = 0.35mm, Substrate thickness = 1.6mm, Microstrip line width = 1mm and total resonator length = 170mm. Resonator length is found out by the following.
(1) The folded resonator shown in fig.2 has been designed at 1 GHz frequency and has a compact size when compared with ring resonator [12] .The resonator layout with all dimensions is shown in Fig.2 . Wfeed=2.95mm, Lfeed = 40mm, L1 =5.64mm, L2 = 23.52mm, r = 5mm, coupling gap g = 0.35mm and Zo=50 ohms. The physical area of the meander shaped resonator is reduced by 51.58% of the area of the ring resonator. fig.3 ) was designed at resonant frequency of 1 GHz to have a more compact size compared to meander shaped resonator. Applying fractals to resonator elements allows for smaller resonators. A miniaturization of loop resonator using the fractal technique is known as Minkowski square loop resonator [10] . The fractal resonator was created by using the initial square pulse (SP) to iterate at each side of the loop. The starting geometry of the fractal, called the initiator, is a square: Each of the four straight segments of the starting structure is replaced with the generator. The iterative generating procedure continues for an infinite number of times. [11] . The proposed Minkowski square loop resonator with iteration1 is shown in fig.3 .In the proposed Minkowski resonator the area has been very much reduced by 24.02% when compared to ring resonator.
Fig.3Minkowski resonator
In the above explained resonator sensors a shift in the resonant frequency and insertion loss were observed when palm oil as dielectric was placed over the resonators.
IV. Measurement Setup
The sample liquid palm oil is placed over the sensor. The shift in the resonant frequency is recorded by feeding probes of the sensor. The signal from the network analyzer is coupled via coaxial cable which connects two ports of the VNA to the sensor probes. The frequency response of the reflected signal is displayed in the network analyzer.
Fig.4 Measurement Setup
The permittivity was determined for mode 1 using the ring, Meander and Minkowski resonators by means of the following polynomial equations generated in curve fitting method.
Ring,
Where is shift in frequency
V. RESULTS
The measured outputs using network analyzer and the simulated outputs obtained using ADS software are tabulated as in Table. 1 and are shown in figures. It is found to be the Minkowski resonator has shown more sensitivity compared to the other two resonators. (5) gives the dielectric constant of the MUT which is given in Table. 2.Minkowski resonator gives the nearest value of dielectric constant of palm oil ( 
VI. CONCLUSION
For determining dielectric constant of palm oil, the circular, Meander and Minkowski fractal resonator sensor structures have been analyzed and their performance in terms of shift in resonant frequency and insertion loss have been compared. Of all three sensors the fractal resonator is found to have a reduced area when compared to the conventional ring resonator and has less insertion loss. The sensors discussed were simulated, fabricated and tested using Vector network analyzer. The Minkowski fractal resonator sensor has high performances with low cost, compact size and more accuracy, hence can be used for dielectric constant measurement of liquids and solid materials.
